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As ferritin has been identified as an important factor in
antioxidant defense in cultured human skin cells we
evaluated the presence of ferritin in human skin in vivo
and the modifications following irradiation with UVA I,
UVA I F II, and solar simulating light by immunohisto-
chemical analysis. We report that the putative protective
protein ferritin is regularly present in the basal layer of
unirradiated epidermis in vivo and that the induction of
ferritin was dependent on wavelength and cell type.
Following UVA I radiation, ferritin increased both in
epidermal and in dermal tissue. The same response
occurred, although to a lesser extent, with UVA I F II
but did not occur following solar simulating radiation.
Quantitative analysis for ferritin in cultured keratinocytes
and fibroblasts from seven individuals following each UV
spectra were also assessed by enzyme-linked immuno-
Because the skin is in continual contact with the externalenvironment, its ability to provide protection againstoxidative damage due to toxic chemicals and radiation isa primordial function. There exists a vast repertoireof antioxidant defenses in human skin cells including
antioxidants superoxide dismutase, catalase, glutathione peroxidase and
reductase, tocopherol, and ubiquinol (Yohn et al, 1991; Shindo et al,
1994). There is also an inducible defense system in human skin
fibroblasts involving heme oxygenase (Maines et al, 1986; Keyse and
Tyrrell, 1989; Stocker, 1990; Vile and Tyrrell, 1993; Vile et al, 1994;
Applegate et al, 1991, 1995). Induction of heme oxygenase in fibroblasts
was shown to correlate with an enhancement of cellular ferritin levels
(Vile and Tyrrell, 1993; Vile et al, 1994). Ferritin constitutes the major
storage site for nonmetabolized intracellular iron and therefore plays a
critical role in regulating the availability of iron to catalyze such harmful
reactions as the peroxidation of lipids and the production of hydroxy
radicals. In cultured skin fibroblasts, it was shown that the increase in
ferritin levels constitutes an adaptive response that serves to protect
these cells from subsequent oxidative damage (Vile and Tyrrell, 1993;
Vile et al, 1994). In cultured epidermal keratinocytes, ferritin levels are
3–7-fold higher than in dermal fibroblasts and it has been suggested
that these observed high levels of ferritin are a constitutive protective
response. In this respect, the keratinocyte, as clearly the primary target
for oxidative stress generated by solar irradiation, would benefit from
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sorbent assay. The induction of ferritin by UV was highly
dependent on the waveband and cell type. UVA I and
UVA I F II radiations induced ferritin expression in
dermal fibroblasts up to 260% and 200% over basal levels,
respectively. Solar simulating radiation produced only a
small induction of µ130% over basal ferritin levels in
dermal fibroblasts. Ferritin increased in cultured fibro-
blasts as early as 3 h post-UVA with a peak at 6 h that
remained until 48 h; there was no observable qualitative or
quantitative increase seen in the undifferentiated cultured
epidermal keratinocytes. Our findings indicate that the
putative defense system of ferritin exists in human skin
in vivo and its induction is dependent on UV spectra and
cell type. The increased concentrations of this antioxidant
in human skin following acute UV radiation could afford
increased protection against subsequent oxidative stress.
Key word: oxidative stress. J Invest Dermatol 111:159–163, 1998
the continuous protection provided by high levels of ferritin (Applegate
and Frenk, 1995a, b).
UVA radiation (320–400 nm) is potentially carcinogenic, was recently
classified as a human carcinogen (International Agency for Research
on Cancer, IARC), and can cause a wide variety of biologic effects
already seen to be produced by the UVB spectrum, such as sunburn,
premature aging, cataract formation, immune suppression, and skin
cancer (Gilchrest et al, 1983; Jagger, 1985; Parrish et al, 1990; Kripke
and Applegate, 1991).
This defense mechanism involving ferritin has previously been
defined in vitro following UVA I radiation. The objective of this work
was to study the same defense mechanism in human skin in vivo and
to identify where this putative protective protein resides in human
skin and if it is modified following different UV spectra; namely, UVA
I, UVA I 1 II, and solar simulating radiations.
MATERIALS AND METHODS
Radiation sources Radiation from the UVASUN 3000 lamp (Mutzhas,
Munich, Germany) will be termed UVA I herein even though there is a very
small amount of visible light present. This radiation was provided at a dose rate
of 600–800 W per m2 that produced 1 minimal erythema dose (MED) in skin
type II–III following 35–50 KJ per m2.
A constructed filter permitting combined UVA I and UVA II radiation
without visible light (320–400 nm) was also adapted to the UVASUN 3000
lamp. This radiation will be termed UVA I 1 II herein and was given at a dose
rate of 500–600 W per m2 where 50–75 KJ per m2 would induce 1 MED.
Two solar simulators were used in this study. An Oriel 1000 Watt solar
ultraviolet simulator with Schott WG320/1.5 mm and UG11/1 mm filters
(Oriel, Stratford, CT) will be termed Solar Simulator-Oriel. The dose rate was
13–15 mW per cm2 and a dose of 170–200 mJ per cm2 would induce 1 MED.
A second solar simulator was a 15S single port Solar UV Simulator filtered
with Schott WG320/1 mm and UG 11/1 mm filters (290–400 nm) emitting
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energy similar to that of the overhead sun up to 400 nm (Solar Light,
Philadelphia, PA). The dose rate was 13–16 mW per cm2 and a dose of 40–
50 mJ per cm2 would induce 1 MED.
The spectral outputs of the UVASUN 3000 with the two UVA filters and
the Solar Simulator-Oriel were analyzed with a calibrated Optronic model 742
spectroradiometer (Optronics Laboratories, Orlando, FL). Before and after each
experiment radiation fluences were monitored by an International Light
Radiometer (IL 1700 equipped with an SEE 015 sensor, W1327 diffuser and a
no. 566 UVA filter; calibrated against a spectroradiometer).
Radiation exposure (intensity and dose) by the 15S Solar Simulator was
continuously controlled by a Dose Control System (Solar Light) directly attached
to the light source that automatically operates a shutter system that closes for a
preset dose; however, the doses measured by the Dose Control System
were lower than those measured by the calibrated Optronic model 742
spectroradiometer for a given erythema dose.
Volunteers and irradiation in vivo Healthy volunteers between the ages of
24 and 49 with skin type II or III were used for this study (four women and
11 men) under informed consent and the nature of the study, procedures, and
possible side-effects were fully explained. Separate areas of the buttocks were
subjected to increasing doses of either UVA I (25, 50, 75, and 100 KJ per m2),
UVA I 1 II (10, 15, 35, 70 KJ per m2), or solar simulating radiation (Solar
Light 15 S: 30, 40, 50, 60, 70, 80, 100, 120 mJ per cm2; Oriel: 70, 100, 135,
170, 200, 240, 270, 305, 340, 405 mJ per cm2). From all volunteers, 4 mm
punch biopsies were taken under local anesthesia, lidocaine 1%, 24 h following
irrradiation at sites representing µ1/2, 1, and/or 2 MED and an adjacent
nonirradiated control.
On two of these volunteers (V1 and V2), separate areas of buttocks skin
were also given 50 KJ per m2 and biopsies taken at 0, 3, 6, 24, and 48 h after
UVA I exposure. All biopsies were immediately placed in a beaker with
isopentane-2-methyl-butane previously chilled in liquid nitrogen for 2 min.
Thereafter, the tissue was transferred to liquid nitrogen for storage until frozen
sections could be accomplished.
Cell lines and irradiation in vitro Cell lines from skin of seven individuals
(three men and four women between the ages of 25 and 94) were established
in the University Department of Dermatology in Lausanne.
Fibroblasts were established as described previously (Applegate et al, 1990),
grown in Minimal Essential Medium supplemented with 15% fetal calf serum
and glutamine and the cells were used for experimentation between passages 4
and 7. Keratinocytes were established as described previously (Vile and Tyrrell,
1993) and were used between passages 4 and 8. Keratinocytes were grown in
serum-free medium (Gibco, Uxbridge, U.K.; Keratinocyte SFM). They were
grown to 80–90% confluency and just prior to irradiation, the growth medium
was removed and the cell monolayer was rinsed twice with phosphate buffered
saline. For UV irradiation, cells were covered with phosphate buffered saline
and irradiated at 25°C. Medium was replaced on irradiated cells and at
various time periods following irradiation, cells were either prepared for
immunohistochemistry or analyzed for ferritin content by enzyme-linked
immunosorbent assay.
Immunohistochemistry Five micrometer frozen sections and fixed cell
cultures of fibroblasts and keratinocytes were used for immunohistochemistry
as described previously (Applegate et al, 1997). Tissue sections and/or cells were
incubated overnight at 4°C with antibodies (ferritin, Sigma, dilution 1:8000;
controls, IgG fraction of serum) and then treated with Vectastain ABC (Vector,
Burlingame, CA) as described by the manufacturer. All samples were treated at
the same time and counterstained with Papanicolaou (Harris’ hematoxylin
solution).
Analysis of immunohistochemical treated skin and skin cells Multiple
stained sections of each skin biopsy and the cell culture preparations were used
for semiquantitative analysis. The staining was interpreted as strong (111),
moderate (11), weak (1), or no staining (–) by two to three independent
investigators.
Ferritin measurements The ferritin assays were performed with a polyclonal
enzyme-linked immunosorbent assay kit (Boehringer, Mannheim, Germany)
according to the manufacturer’s instructions and as previously described
(Applegate et al, 1996). Protein content of cellular extracts was determined
using the method of Bradford (1976).
RESULTS
Expression of ferritin in normal human skin in vivo Ferritin
staining in normal human skin from previously nonexposed body sites
(buttocks) was readily detected in both epidermal and dermal tissue
Table I. Presence of ferritin in vivo 24 h following UVA I
radiation
No UVA 50 KJ per m2 100 KJ per m2
Epidermal layers
Granular – *a *
Upper spinous – * *
Suprabasal – 11 11
Basal 11 111 111
Follicle layers
Suprabasal spinous – 1 → 11 1 → 11
Basal 11 11 11
Dermis
Papillary dermisa 1 → 11 11 → 111 111
Reticular dermisa 1 1 → 11 11
Vessel walls 1 → 11 1 → 11 1 → 11
Muscle 1 1 1
Sebaceous glands 1 1 1
aIsolated cells.
along with associated structures (i.e., hair follicles, vessel walls, muscles,
sebaceous glands) (Table I). Most remarkable was the staining of the
basal keratinocyte layer of the epidermis with some heterogeneity in
staining intensity among all 16 individuals tested. Basal keratinocytes
of hair follicles were moderately stained. Within the papillary dermis,
isolated cells, most likely dermal fibroblasts, were weak to moderately
stained depending on the individual; within the reticular dermis some
cells were weakly stained in all individuals. Vessel walls, muscles, and
sebaceous glands were also seen to be weakly stained by ferritin in all
individuals.
Expression of ferritin in human skin in vivo following UVA I,
UVA I F II, and solar simulating radiations In the epidermis,
ferritin staining was shown to increase 24 h following UVA I and UVA
I 1 II but not with solar simulator radiations. In addition to a slight
increase in epidermal basal cell ferritin, scattered suprabasal cells also
showed ferritin expression (Fig 1). UVA I radiation induced higher
numbers of ferritin positive suprabasal cells than UVA I 1 II radiation
and no suprabasal cells were positive in any of the individuals irradiated
with either of the two solar simulators.
Immunohistochemical analysis of biopsies from sites irradiated with
doses of 0 MED, 1 MED (50 KJ per m2), and 2 MED (100 KJ per
m2) from the five individuals irradiated with UVA I is summarized in
Table I. In all five individuals, there was a definite increase in epidermal
ferritin staining following doses of 1 and 2 MED UVA I. The suprabasal
layer and isolated spinous keratinocytes also became stained following
these doses of UVA I radiation. Increased staining for ferritin following
these doses of UVA I was also observed in hair follicles.
Within the dermis, a specific staining of isolated interstitial cells
(most likely fibroblasts) could be seen following both UVA radiations
and in particular UVA I radiation. In both the papillary and the reticular
dermis, the number of ferritin stained cells was shown to increase in
all five individuals following UVA I radiation in a dose-dependent
manner (Table I). No changes in ferritin staining were seen in vessel
walls, muscles, or sebaceous glands (Table I).
Prominent vascular structures that were visible following the different
UV radiations posed a major difficulty in interpreting the nature of
ferritin expression. Solar simulator radiation was always associated with
higher numbers of vascular structures throughout the dermis than
either UVA I or UVA I 1 II radiations. The apparent increase of
dermal ferritin staining following solar simulator radiation was thus
associated with the presence of prominent vascular structures.
Quantitative expression of ferritin in vitro following different
UV wavebands: UVA I, UVA I F II, and solar simulating
radiations Dermal fibroblasts and keratinocytes of seven individuals
were subjected to irradiation from the three different wavebands: UVA
I, UVA I 1 II, and solar simulating (Oriel) radiations. Following each
type of radiation, keratinocyte cell lines did not show any major
alteration in ferritin content (Fig 2A–C). In contrast, dermal fibroblasts
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Figure 1. Ferritin immunostaining in human skin in vivo 24 h following UVA I, UVA I F II, and solar simulating-15S radiations. Skin biopsies taken
at 24 h following 0 and 1 MED of each waveband of radiation were frozen, cut at 5 µm, and stained with ferritin antibodies using the avidin-biotin enhancement
immunostaining and counterstained with Papanicolaou. Precise ferritin staining is seen in the basal cell layer of the epidermis (brown coloration) of normal
nonirradiated skin. Increased basal and suprabasal staining for ferritin is seen following UVA I and UVA I 1 II radiations (arrows). Scale bar, 5 µm.
portrayed a waveband specific induction of this putative protective
protein. Solar simulating radiation induced a minor augmentation
between 50 and 250 mJ per cm2 illustrating a broad peak up to 130%
increase over basal ferritin levels (Fig 2C). A specific peak induction
of ferritin content was seen following irradiation of dermal fibroblasts
with either UVA I 1 II or UVA I radiations (Fig 2A, B). The peak
induction of ferritin could be seen as high as 200% above basal levels
following UVA I 1 II radiation and an even higher 260% above basal
ferritin levels could be seen following UVA I radiation. Thus there
seems to be a UVA-specific induction of ferritin expression in human
skin fibroblasts.
Kinetics of ferritin expression in human skin cells in vitro and
in vivo As UVA I radiation produced the maximum induction of
ferritin, the kinetics of expression were analyzed both in vitro and in vivo.
In cultured keratinocytes from the seven individuals, the immuno-
histochemical staining in nonirradiated cells was relatively strong for
ferritin. Following UVA I irradiation (1 MED), there was no change of
the moderate (11) basal levels of antibody staining in the keratinocytes
(Table II). In cultured fibroblasts from the same individuals, the
immunohistochemical staining in nonirradiated cells was weak for
ferritin. Following UVA I radiation, there was a clear induction for
ferritin showing peak staining at 6–24 h post-UVA I.
In vivo, in two individuals, the immunohistochemical staining for
ferritin of the epidermis was moderate (11) in the basal layer from
nonirradiated skin. Following UVA I radiation from 24 h post-
irradiation onwards, ferritin staining of the basal layer increased
progressively and the suprabasal layer of the epidermis also followed
this staining pattern (Table II). In addition, isolated stained ker-
atinocytes were progressively found in the spinous and granular layers.
In the dermis, from 3 h post-irradiation onwards, the numbers of
stained interstitial and perivascular cells increased and in hair follicles
suprabasal keratinocytes were also partially stained. No ferritin staining
modifications were seen in vessel walls, muscles, or sebaceous glands.
DISCUSSION
Results of this study demonstrated in vivo an induction of ferritin,
which may be a part of a putative defense pathway. This pathway was
previously shown to occur in UVA-irradiated cultured keratinocytes
and fibroblasts by quantitative protein assays (Vile and Tyrrell, 1993;
Applegate and Frenk, 1995a). We localized by immunohistochemistry
the constitutive presence of ferritin in the epidermis to the basal layer,
but the dermal expression proved more complex. The modulation of
this pathway, in vitro and in vivo, appeared to be dependent on the
wavelength of radiation used.
The wavelength dependency was elaborately shown in vitro where
we have seen that dermal fibroblasts show a specific marked increase
in cellular ferritin following UVA I and UVA I 1 II radiations (Fig 2).
In contrast, following solar simulating radiation, ferritin levels increased
to a lesser degree over basal levels. Following each waveband, there
was a very specific gradient observed for efficiency of induction of this
putative defense in cultured human skin cells UVA I . UVA I 1 II .
solar simulating radiation (peak inductions 260%, 200%, and 130%,
respectively). The inducible property of ferritin was specifically seen
in the dermal fibroblast but not in the epidermal keratinocyte. Following
even relatively high levels of each waveband radiation, there were no
observed major modifications of ferritin seen in any of the keratinocyte
cell lines studied. As previously reported (Applegate and Frenk, 1995a),
this may be due to the quantity of ferritin in epidermal keratinocytes
that is already much higher constitutively when compared with dermal
fibroblasts and parallels many of the other cellular antioxidants.
In normal, nonirradiated human skin in vivo, epidermal ferritin
expression, as demonstrated by immunohistochemisty, was limited to
the basal layer, where terminal differentiation of the keratinocytes
leading to cornification is not yet initiated. The keratinocytes of the
basal, germinative layer of the epidermis, which are most likely
equivalent to cultured keratinocytes, can benefit from the constitutively
high levels of ferritin for resisting oxidative stress including UVA
radiation. In this context, it is interesting to note that the distribution
of ferritin is very similar to that of melanin, at least in white skin.
The only difference between our in vitro results and the in vivo
results for ferritin expression in keratinocytes was the increased staining
intensity in the basal layer and the partial staining of suprabasal cells
following UVA radiation. This suggests induction of ferritin formation
in keratinocytes not observed in vitro. The suprabasal staining could be
due to induction, but it could also be affected by the initiation of
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Figure 2. Percentage increase in ferritin in human skin cells following
UV radiations. Percentage increase of ferritin in human skin fibroblasts and
keratinocytes measured as a function of fluence of UVA I (A), UVA I 1 II (B),
and solar simulating-15S radiations (C) at 24 h post-UV. At least four of the
seven volunteers for both fibroblasts and keratinocytes were used for each
waveband and each cell line was repeated 2–4 times. Each data point therefore
represents an average of data from at least four cell lines each repeated 2–4
times for each waveband and fluence of radiation (mean 6 SD).
Table II. Presence of ferritin in vivo and in vitro at various
hours following UVA I radiation
0 h 3 h 6 h 24 h 48 h
In vitro (25 KJ per m2)
Keratinocytes 11 11 11 11 11
Fibroblasts 1 11 111 111 111
In vivo (50 KJ per m2)
Epidermisa 11 11 11 111b 111b
Dermisa 1 11 116 111 111
aCells within the epidermis were principally keratinocytes and cells within the dermis
included interstitial cells and cells around vascular structures.
bFerritin normally localized in the basal cell layer were shown at 24 and 48 h to also be
in the suprabasal and spinous layers of the epidermis.
migration and differentiation by UVA light; however, the absence of
ferritin stained suprabasal keratinocytes following solar simulating
radiation is an argument against the second hypothesis. In the dermis,
UVA irradiation produced an increased number of ferritin stained
interstitial cells, most likely fibroblasts. Solar simulator radiation
increased the dermal vascular structures more markedly than UVA,
rendering difficult evaluation of the interstitial cells for ferritin staining.
The observed in vivo results seem to correspond to the in vitro
data (Fig 2).
Although it is essential to study defense mechanisms on isolated cells
in culture, it is also of importance to characterize the so defined
mechanisms in vivo at the tissue level where cell–cell interactions occur
concommitantly. In this respect, we have seen that ferritin in skin is
induced following UV radiation in situ. An increase in quantity of this
antioxidant following UVA radiation could establish an environment
of higher protection for further oxidative stress. These observations
coincide with results we have seen indicating a higher defense potential
in regularly sun-exposed human skin where ferritin was seen to be 2–
3 times higher in skin from sun-exposed sites when compared with
non-sun exposed skin from the same individuals (Applegate and Frenk,
1995a). Furthermore, ferritin expression could be used as an in vivo
marker of UVA radiation-induced oxidative stress and thereby permit
evaluation of the efficacy of applied UVA sunscreens.
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